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Rogutallon Of Celt Dlfrerentlatlon And Qea Migration 
FIELD OF THE INVENTION 

Tho present Invention rolates lo the use of e method to adjust the baha^^lour of ceBe. In 
particular the invenUon Is cxincemed with the resulatton of call differentiation and cell 
5 migration. 

BACKGROUND OFTHE INVENTION 

When tissues are growing or undergoing repair, cells proliferate and migrate. Growth iactors 
Induce cells to replicate, to Increase the siie of the population of cells that migrate to the 
eppn^prtatQ site. During this pnocess cells sequDntially attach (adhere) and detach (de* 
10 adhore) from suntiundlng cells and extracellular matrix. Mlgretlng cells also secrete 

extracellular matrix to which they can adhere, as well as prateoIyQc enzymes that degrade 
Uie extnaeellutar matrix from which they detadi. 

In many biological processes, celts change or differentiate from one cell lype to another In 
response to growth factor polypeptides and glycoproteins. In mammals, these growth factors 

15 may either originate from the progenitor cell undergoing dlfferontlallon (autocrine 

mechanism) orfrom neighbouring cate (paracrine mechanism). These biological processes 
include those that occur during nonnal mammalian da/elopment in which calls of different 
types In the conceptus change Into other cell types thatfonn the placenta, tissues end 
organs of the embryo, the fetus» and eventually the adulL Similar processes occur fn adult 

20 mammals, for example during tissue nspair following Injury and In cancor. 

The dlfferenllaUon pathway for some call types Includes mlgnsitlon from one site to another. 
This can Include Invasion by the migrating calls Into a tissue or organ comprised of or 
consbttcted by calls of other types or lineages. 

Cells of all types protlforato and migrate during organogenesis and to Increase the size of 
25 Uie tissue during normal development and growth in embryonic/fetal life and Uiroughout 
ehttdiood. 

Examples of cells which migrate Include cytolrophofalast calls from the eariy embiyo and 
placenta; endothollal cells migrate tofomi new blood vessels (anglogenesis) during growth 
and repair of tissues as In pathological conditions Including diabetic retinopathy, rheumatoid 
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arthritis and cancer; llbrobtasfs and keratlnoqytes migrate to repair Injured skin, 
chondTDblasts m^grato to repair cartilage; ostsoblasts and osteoclasts migrate during bone 
repair; opllhetlal celts, endothellat cete and fibroblasts migrate during restitution of the 
endometrium following rnenstruatlon; and cancer ceOs migrate during tumour metastasis, 

5 Embryonic stem celts are pluHpotent celts derlvod from Ihe inner cell mass of the early 
mammalian embryo from which all cell types of ihe embryo and all endodemial and 
mesodermal cells In the exlna-embiyonlc tissues are derived* 

Adult siom cells are plurlpotent cells found In all mammaltan tissues fn:im which all cell 
lineage types of the body msy dlfferentiete. 

10 Cytotrophoblast cells are derived f nm) extraembryonic ectodermal cells of the conceptus, 

. which comprise the trophectodarm of the blastocyst Cytotrophoblast cells migrate Into the 
ondomotrlum of the maternal ulorino decldua to form the placenta. Invasion of the maternal 
decldua by cytotrophoblast cells is terminated by fusion of cytotrophoblast celts to fomi 
multinucleate calls called placental bed gfant cells. 

IS Cancer cells are derived trom normal cells that do not unde^o typical dlfferenliatlon. They 
may Invade and migrate to adjacent and remote tissues. 

. Under spodilc conditions all of these cell types are abis to synthestse and secrete Insutin- 
llke growth factor 11(13^-11). 

SUMMARY OF THE INVENTION 

20 The present Invention is pnadlcated on the discovery of certain intenactlons between cellular 
growth factors and opposing actions that control migration or Invasion of cells tn various 
cellular environments. 

Therefore, acconJIng to a first aspect of the present Invention,, although this need not be the 
broadest nor Indeed the only aspect of the Invention there is provided a method of regulaUng 
2S cellular dlfferentlation/mlgretlon consisting of adjusting levels of IQF-II available for binding 
to the cation-independent manhose-6-phosphate (CIMSP) receptor. 

We have discovered that IGF«*II and latent transfonnlng growth fiador^p (TGP-p), the Inactive 
precursor of TGF-p» compete for binding to the CIM8P receptor. I6F-II prevents latent TGP- 
P binding to the CIM6P receptor. It is icnown that binding of latent T6F-p to the CIMSP 
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recopbr laacls to the production of active TGF-p by the uraklnase-type plasminogen 
acUvator system (Qodar et al, 1 999). it follows that IGF-ll prevents activation of latent TGF- 
|3» Cells that produce suflldent amounts of IGF-lt or cells that are expc^ed to sulflctont 
amounts of IGF-ll therefore cannot convert latent TGF-p Inlo Its acllve Jom by Iho 
5 uroklnasQ-lyps plasminogen activator system that forms a complex with the CIM6P receptor 
on the surEsce of the call 

The present Invention themfbre offers a method of regulating and directing cellular 
differentiation based on the Interaction between IGF-ll, latent TGF-|3 anci the ClMEP 
receptor. The Inhibition of activation of TGF-|) by (GP-tl'apptles to all mammalian cells that 
10 have CIM6P receptors and uroklnase-type plasminogen activator receptors. 

lQF*t! Is produced by many migratory call types and promotes Iheir migratory and Invasive 
behaviour. It is known thatTGF-[3 promotes tennlnal dlfferenllallon and Inhibits celt division 
or cell replication In a variety of celt types, Including for example epithelial and mesenchymal 
colls In the lung (VVarburton et ali 2000), skeletal muscle cells (Husmann et a1> 19BB) and 
IS cytotrophoblast cells (Irving & Lala, 1 995). 

We hava discovered that IGF>II binding to the CIM6P receptor prevents local activation of 
TGF-p* In the case of cytotrophoblast cells, for example, IGF-ll thenaby prevents migratory 
or Invasive mesenchymal'^typa cytotrophoblast cells from dllferentfallng Into non-mtgraloiy or 
non-lnvashfe giant cell types. 

20 CompeUUon for binding the CIM6P receptor Is dependent on the concentration of IGF>II and 
the concentration of latent TGF^p (n the vidnlty of cells that have CIM6P receptors. The 
CIMBP receptors on the surface of cells that produce sufficient quantWes of IGF-lt or are 
exposed b sufficient amounts of IGF-ll are unable to bind latent TGP-^. In this way IGF-tl 
prevents colls from activating latent TGF-p. In the presence of sufficient IGF-ll these cells 

2S therefore maintain their mosonchymal type and migratOfy activity. 

Removal of IGF-ll pennlts these ceQs to activate latent TGF-p. The action of TGF^ coivarts 
these cells Into non-repDcatlng and non-migratory types. 

It will bo appreciated that In some situations the promotion of cell differentiation and cell 
migration is highly desinsble, whereas in other situations cell difrensntlatlon and migration are 
30 harmful to the organism or othenArlse undesirable. 
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Thus, In a first preferred fonn of tha Invenfion there te provided a method of promoUng 
fnvashiB and migratory celt behaviour by exposing said ceD to elevated levels of I6P-II, such 
that the cell CIM6P receptors are unable to bind latent TOF-p. 

Conditions in which treatment with insulln-fike grawth factor il (IGF-ll) Is beneRclat Include: 

5 Reproduction In Humans 

!• Insulln-IIke growth factor II treatment of embryos promotes conversion of trophectodorm 
catiB Into cytotrophoblast cells Iheroby Inoreaslng the success of Implantation of embryos 
Into the uterine decidual endometrium, thereby Increasing the success of formation of a 
viable placenta, and thereby improving the rate of successful pregnancy. ' 

10 2. Addition of tnsutln-IIHe gn^wth factor tl to embryos produced by In vitro ferflRsatlon 
technlquas can be used to treat Infertility. 

3. Treatment of pregnant women or theb* embryos with thsulln-Nlce growth factor II can be 
used to prevent recurrent spontaneous miscaniage. 

4. Treatment of pregnant women or their embryos with insutln"llke growth fador II can bo 
IS used to treat and prevent pre-eclampsia, 

Diabetio Nephropathy 

5. Treatment of diabetic patients v\rith IGF-II can be used to prevent fibrosis In the kidney 
Induced by TGF-p, 

Atherosclerosis, Thrombosis imd the Prcycation of Stroke NB get rid of underlining 

20 6. Treatment of patients with atherosclerosis and/or thrombosis with IGF-ll can be used to 
prevent atheiDsderosIs, thrombosis, and stroke and accelerate clot rasolutton. 

Embryonic and Adult Stem Cell Diffcrontlatlon 



7. Treatment of embryonic stem cells or adult stem cells with Insulin-ltka growth fador 11 
promotes their differentiation into meBodarmal/mesBnchymal cell types. Including 
25 haomatopoiolte precursor cells and muscle precursor cells, including cardiac muscle 
cells. 
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In a second prefarradform of the Invantlon there Is provided a method «f inhibiting cell 
dlvteton, coll migration and promoting terminal differentiation behaviour by exposing said ceD 
to reduced levels of I3F-II, such that the cell Clm6P nacdptDnsaraai^e to bind latent T6P*p 
and thereby promote the acUvatlon of T6F«p. 

S Conditions in which treatment resulting In reduced binding of In&uMke growth factor It 
(IGHt) to CIM6P racepbrs la beneficial Include 

Cancbr 

B. Treatment of cancers* Including liver, ovarian, prostate and breast cancemi with 
Inhibitors of IGF-II action on CIM6P receptor (for example ecluble CIMI6P receptor or 
10 fragments thereof] yAl\ prevent tumour metastasis. 

Diabetic Retinopathy 

9* Traalment of tho oye with Inhibitors of IGFIl action on the CIM6P receptor (for eseampto 
soluble CIM6P receptor or fragments thereof) will prevent dlabatlc ratlncpathy* 

Rheumatoid Arthritis 

IS 10. Treatment of arthrltte Joints with inhibitors of IGF-ll action on the QMBP receptor (Tor 
example soluble CIM6P rocoptor or liiagments thereof) wilt prevent damage to the Joint 

Embryonic and Adult Stom Cell Differentiation 

11. Treatment of embryonic stem caOs or adult stem colls with Inhibitors of l6P-tl adion on 
the CIMBP receptor (for example sotubja CIMBP receptor or fragments thenaoO vtdll 
20 promote their differentiation Into epithelial cdl types, including neurones or thoir 
precursons. 

The Invention Is, In a further aspect exsmptilled by the use of not only IGF-ll In its basic 
form^ but also to naturally occurring precursors of and Isomers of Insulin-like grawth factor IL 
Similarly, the treatments Identified ebove may be canted out using also synthetic analogues 
25 of tnsulln-tlk& growth factor II that hava stored ability to bind to type*»1 IGF receptors, altered 
ability to bind to insulin receptorsi altered ability to bind to IGRblndIng pmtelns end 
Increased ability to bind to catlon^lndependont mannasc-G-phosphate receptors (also known 
as CIMBP receptors, type*2 IGF receptors and Igl2 receptors). 
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DIAGNOSTICS 

Still furthar aspects of lha Invantton ara concerned with dlagnoHUc uses of IGF-ll and tho 
recognition that variation In levels of IGF-ll In certain cellular environments enables 
predictions to be made concemlnfl the dlfforantiatlon/mlgratlon behaviours to be eiqaaded 
5 from the cells. 

VL Thu5» In accordanco with the Invontlon measurement of the composition of and the 
sequence of nucleotides In the deoxyribonuclalc add within and near the Insulln-ttke 
growth factor 11 gene In human embryos can be used to diagnose their ability to establish 
successful healthy pregnancy. 

• 10 . 13. SImllariy, measurement of the amount of messenger rlbonudelc add transcribed from 
the Insulln-lIke growth factor 11 gone In human embryos can be used to dteghoso their 
abtllty to establish successful healthy pr^nancy. 

14. Measurement of the amount of InsulIn-IIke gnawth factor II pnjtetn secreted by human 
embryos can be used to diagnose their ablBly to establish successftil healthy pregnancy, 

15 15. Measurements as described In 12, 13 and 14 above performed on a spedmen obtained 
fram e^er or both biological parents of a human embryo can be used lo diagnose their 
ability to establish successful healthy pregnancy. 

It wQI be apparent that similar considerations apply to the use of the Invention to other 
mammalian spedes, such as the horse, cow, sheop, goat and ptg. 

20 InsuUn«Uko Growth Factor 11 

A general example of the acMon of \GF-\i In regulating cellular dlffarentlaUon/mlgraUon Is 
provided by examlnatjon of plecentatlon. IGF-ll is produced by cytotrophoblast cells- These 
cells ere known to have receptors able to bind IGF-ll (Rehourcet et al, 199B). These 
receplora Indude type-l IGF receptors, which bind lGF-1. IGF-ll and Insulin, In many ceil 
25 types, binding of IGF-I, IGF-ll or Insulin lo the type-l IGF roceptor promotes cell division, 
also alternatively known as mlbsls, rapttcallon, multtptlcatlon or proHferetlon, 

Cylobt>phoblast cells have another receptor type that binds IGF-ll very well, binds IGF-l 
oxtremely poorly and does not bind Insulin- This receptor has been called the type-2 IGF 
receptor (Rebourcet et al, 1998). This receptor also binds certain glycoproteins that contain 
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mannose-&-phOBphate and has also been called tha catton-lndopendent mannoseN6- 
phosphate (CIMSP) recBptor* Compelltlon batwean IGF-II and latent TGF-p for binding to the 
ClM6P/typB-2 IGF receptor undorilas tha action of 1(5F-II In regulating tha ability cf a cell to 
undergo migratory or non-migratory beha>tours in any environment 

5 In the human ptecenta, IGHI is most abundantly praduced by ^trophoblast cells that 
have mtsratad furthest Into'the matenial decidual endometrium [\Mn et al, 1S99), IGF-II is 
commonly produced by tumour cells, Including for example thosa derived from prostale 
cancer (Xu at al, 1999), llvar cancer (Kim ot at, 1998), kidney cancer (Nonomura et al» 1997). 
carulcal cancer (Mathur. Malhur & Young, 2000), muscle cancer {Redone et al, 1 994) and 

10 breast cancar {Bates et al, 1995; Yballe, Vu & Hoffman, 1 S96). iGF-ll Is also syntlieslsed by 
celts ]n and derived from embryos (Lighten at al. 1997). 

Treatment with IGF-ll has diverse effecls on a variety of cells. Including ombryonlc stem 
cells (Morall et at, 20Q0), cytotraphoblast cells fnam the placenta (Hamilton et al, 1996) and 
cancer cells (Khandw^ls et al, 2000). 

15 tGRI promotes migration of cytotrophoblast.cells by a mechanism that has hitherto been 
unknown (Harhllton et al, 1998), 

Transforming growth factor-p 

CytDtrophoblast celts have TGF-p necaptors able to bind T6F-p (Schilling & Yah, 2000}> 
Treatment of cytnlnDphoblast cells with TGF-p pramoles Ihelr fusion to form non-migratory 
20 mulUnucloate giant calls {Morrlsh et al. 1998). 

Active TGF-p, capable of binding to TGF-p naceplors, Is derived by proteolytic conversion 
from Inactive latent TGF-p, which does not bind to TGF-p receplore. Latent TGF-p Is 
pnxluced by maternal uterine decidual calls and by cytotniiphoblast cells (Gmham & L^la. 
1991). 

25 Latent TGF-p fe known to bind to the CIMBP receptor. Latent TGF-p can also bind to CIM6P 
recoplors that are associated In a complex tndth ptasmlnogen and uroktnase^pa 
plasminogen activator receptors. 

It is known that uroklnase-lype plasminogen acUvator converts latent TGF-p into active TGF*- 
p by the catalytic action of uroklnase-type plasminogen activator whan bound to the complex 
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formed by the slmutoriBous assodatlon of uroklnase-typs plasminogen acflvator receplor, 
ptasmmogen and latent TGF-p with the CIM6P receptor (Godar at al, 1999). Cytotrophohlasl 
cells are known to have uroklnase-lype plasmlnogon activator receplans CRoritlon et al, 
1999). 

. S CatIon-tndependontfnannose-6-phDsphato receptor 

According to .ttio prior art binding of IGF-^ll to the CIMBP receptor Is a mechanism that 
removes and degrades IGF-tL According to the prior art, the CIM6P receptor competes with 
the type-l IGF racoptor to IGF-ll binding. IGF-Il binding to the type-1 IGF receptor promotes 
celt division and replication. According to the prior art, Ihe aWSP receptor reduces Ihe 

10 amount of IGF-ll able to bind to the ^rpe-1 IGF receptor and Ihus reduces the ablllfef of calls 
to proliferate or replicate In response to IGF-ll (Komfiald, 1992: Scotl & Webs, 200Q}. 
According to the prtor art, the CIMBP receptor prevents IGF-ll from promoting cell 
replication. Acconding to the prior art» IGF-l) binding to the CIM6P receptor does not produce 
a direct biological response within the cell upon whose surface the CI WI8P receptor Is 

15 located (Odell& Day. 1908). 

DESC»aPTlON OF PREFPERED EMBODIMENT 

The use of regulation of cell dlfferenllatlon and migration are aplly demonslrated with 
reference to the use of IGF-ll In early pregnancy to treat both Implantation failure and 
racunrent spontaneous ml5can*tage. 

20 During pregnancy cytotrophoblast cells that are originally derlvod from the traphectoderm of 
the blastocyst and which subsequently form the placenta remodel the endamotriam. The 
placenta Is the active Inlarface between maternal and fetal tissues and Is the organ through 
which exchange of soluble materials between fetus and mother occurs. 

The embrvo establishes lis attachment wHh the endometrium through the actions of 
25 migratory cytotrophoblast calls. They secrete matalloprotelnases that degrade the 
extracellular matrix of the endometrium, pentilltlng their Invasion. These Invasive cells 
modlly the endometrial spiral arterioles to provide access for the placenta to the maternal 
blood supply, the source of all nwtter for embryonic and fetal growth* Cytotrophoblast cells 
form columns that extend deep into the endomalrium. Tlie ttnst wave of Invasion of the 
30 endometrium by cytotrophoblast colls occurs between B and 12 weeks of pregneney In 

humans (Pljnenborg ot al, 1983). This Is the period when most miscan'lagfis occur, IGF-ll Is 
abundantly produced eariy In pregnancy by cytotnsphoWest colls at the leading edge of the 



PA(X11/12'RCVDAT2/7/200710:46:34 AM [Eastern Stanifo^ 



fEB-07-£007(WED) 07:28' FRANCIS LRW GROUP 



(FflX)510 533 1106 



P. OIE/OIE 



m 

Invasive front of the celt column. IGRII promotes the Invasive behaviour of cytolmphoWast 
cells. Latent TGF-p Is produced by decidual cells of the malomal endometrium as woD as by 
cylotrophohlast ceOs, TGFp promolas fusion of ^trophohlast cells, an essential step In 
tholr differentiation to fomi mature components of the placenta (Mon-lsh etal, 1998). TGF-p 
S also Induces synthosls and secretion of tissue Inhibitors of mBtaltoprotelnases (TIMPs) by 
cytotrophohlast ceOs (Lala & Graham, 1990), thus preventing cytolrophoblast celts from 
degrading the extracellular matrix necessary for their migration. 

Wa dafrn that early pregnancy loss due tofellure to establish a viable placenta Is caused by 
IGF-tl deficiency In the IGF-IITOF-p/ClMBP receptor system of cytolraphoblasts. Further, 
ID we daim that falhire of the embryo to successfully Implant on the uterine endometrium of Iho 
mother Is due to Insufndant production of IGF-il by cytotnsphoblast celts derived from the 
tnjphoctoderm of the blastocyst, loading to reduced autocrine stimulation of Invasion of the 
endometrium by cytotrophoblast cells, Wa claim that removal or lack of I6F-II Induces 
temilnal differentiation and fusion of c^otrophoblasts, 

15 We havo discovered that recun-ent spontaneous mbcan-laga (dlagnosad between the 8th 
and 12lh weeks of pregnancy) is caused by defldeniy In IGF-II pnDdudlon of cytotrophoblast 
cells leading to premature fusion before suffldent cdonlsatlon of the endometrial deddua 
has been adilevad to establish a healthy placenta* 

IGF^ll can be used to treat both Implantation failure and recurrent spontaneous mlscaniage, 

20 We have discovered that IGF-ll and latent TGF^1, the precursor of TGP-p, compelefor 
binding to CtM6P receptors in human placenta. Latant TGF-p binding ia CIM6P racaptor Is 
known to lead to Its proteolytic conversion by plasmln Into active TGF-p by the complex 
fonned between uroklnase-typo plasminogen activator (uPA), uPA receptor and 
plasminogen (Godaret al, 1999). It Is known that cylotrophoblast cells have CIM8P 

.25 receptors (Rebourcet et al, 1998) and uPA receptors {Fioridon et al, 1999). It is obvious 
therefore»,that sacratlon of I6F41 by cytotrophoblast cells maintains thalr invasive state by 
preventing local actlvaflon ofTGF^p, the Initiator of thdrtemitnal dlfferantlatlon Into non- 
ropilcating and non-migratory cells. It Is known that Invasive cytotrophoblast cells produce 
IGF-II In abundance (Inivtn et al, 1999). We show herein that IGF-ll and latont TGF-p 

30 compete for binding to tho placental C\mP receptor. It is known that activation of TGF-p 
from Its latent fonn Is a prerequisite for Its pramolJon of cytotrophoblast cell fusion and 
tentilnal differentiation. We claim that IGF-II Inhibits terminal difforenttatlon of cylotraphoblast 
ceils. We claim that IGF-II pramotes cytotrophoblast cell Invasion of the deddua. 
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